MADEKUROZWA, M-C. 2007. Ultrastructural features of the uterus in the sexually immature ostrich (Struthio camelus) during periods of ovarian inactivity and activity. Onderstepoort Journal of Veterinary Research, The ultrastructure of the surface epithelium and tubular glands of the uterus in the immature ostrich is described. In ostriches with inactive ovaries the uterus is lined by a non-ciliated simple columnar epithelium, with basally located heterochromatic nuclei. Scanning electron microscopy revealed that these non-ciliated cells have a dense microvillous cover. A simple columnar to pseudostratified columnar epithelium, comprised of non-ciliated and ciliated cells, lines the uterus in birds with active ovaries. The ciliated cells possess a wide luminal region, which contains a nucleus and various organelles. An accumulation of secretory granules was observed in the apical regions of the non-ciliated cells, as well as in a few ciliated cells. In addition to non-ciliated and ciliated cells, a cell type with rarefied cytoplasm was also identified. These cells appear to correspond to calcium secreting cells identified in other avian species.
INTRODUCTION
Although a low latitude inhabitant, the mature ostrich (Struthio camelus) is a seasonal breeder, with reproductive activity being influenced by photoperiod and probably feed availability (Sauer 1972; Degen, Weil, Rosenstrauch, Kam & Dawson 1994; Hicks-All dredge 1998) . Likewise, studies on the immature ostrich have revealed a seasonality in the differentiation of the reproductive systems of both male and female birds (Madekurozwa 2002a (Madekurozwa , b, 2004 (Madekurozwa , 2005 Made kurozwa, Chabvepi, Matema & Teerds 2002) . In one particular study changes in the morphology of the uterine region of the oviduct were found in immature ostriches having either active or inactive ovaries (Madekurozwa 2004) . However, despite the information gained from this study, our knowledge of the seasonal morphological changes in the uterus is incomplete as there do not appear to have been any ultrastructural studies carried out on this oviducal region in the immature ostrich. In addition, it would appear from the literature that ultrastructural investigations of the uterus in avian species have concentrated on mature birds during the breeding season (Breen & De Bruyn 1969; Wyburn, Johnston, Draper In light of the paucity of ultrastructural information on the uterus of immature birds, and of the immature ostrich in particular, the present study was undertaken. The ultrastructural changes occurring in the surface epithelium and tubular glands of the uterus in the immature ostrich during ovarian inactivity and activity are described.
MATERIALS AND METHODS
Forty sexually immature female ostriches aged between 12 and 14 months and weighing 90-100 kg, were used. Twenty-five of the birds had active ovaries, which contained 10-25 small, predominantly yellow-yolk follicles, with the diameters of the largest follicles ranging from 11 to 19 mm. These birds were sampled between September and December, a period of increasing daylength in the southern hemisphere. Fifteen ostriches with inactive ovaries were collected from March to June, a period of decreasing daylength. The birds were killed at a commercial abattoir, employing a standard slaughter pro tocol.
Oviducts were collected 10-15 min after the birds were killed.
For transmission and scanning electron microscopy tissue samples from the major part of the uterus were fixed by immersion in 3 % glutaral dehyde buffered in 0.067 M sodium cacodylate buffer (pH 7.2). After fixation the tissue samples for trans mis sion electron microscopy were dehydrated through a graded series of ethanol and embedded in an epoxy resin. Semi-thin sections were stained with tolui dine blue, while ultra-thin sections were stained with uranyl acetate and lead citrate. The samples were viewed with a Philips CMIO transmission electron microscope (FEI, Eindhoven, The Netherlands).
Tissue samples for scanning electron microscopy were dehydrated through a graded series of acetone and thereafter dried in a critical point dryer. The tissues were then mounted on aluminium stubs and coated with gold palladium before they were viewed in a Philips XL20 scanning electron microscope (FEI, Eindhoven, The Netherlands).
Additional samples for light microscopy were immersion-fixed in Bouin's fluid for 12 h. After fixation, tissues were processed routinely for histology and embedded in paraffin wax. The presence of acid and neutral mucopolysaccharides was demonstrated using a combined alcian blue-periodic acid Schiff (PAS) technique (Mowry 1956 ).
RESULTS

Immature ostriches with inactive ovaries
Scanning electron microscopy (SEM) revealed the presence of a series of uniform undulating primary mucosal folds, which were separated by deep crypts. Non-ciliated, microvillous cells lined the surface of the uterus in these birds (Fig. 1) . The microvillous cover was generally dense, although occasional cells with only a few microvilli were also observed.
Transmission electron microscopy showed that the non-ciliated cells formed a simple columnar epithelium. The cells contained basally located, large heterochromatic nuclei. Most of the organelles, which included mitochondria, electron dense bodies, rough endoplasmic reticulum (RER) and ribosomes, were located in the supranuclear area of the cell (Fig. 2) . The electron dense bodies varied in shape and heterogenicity. A series of junctional complexes linked the apical regions of adjacent cells. In addition, the lateral plasma membranes displayed simple folding, both apically and basally.
In birds with inactive ovaries the uterine epithelium did not stain with alcian blue or PAS.
Immature ostriches with active ovaries
The mucosa of the uterus was thrown into thick lamellar primary folds, which still retained the arrangement observed in birds with inactive ovaries. Deep crypts indented the primary folds, resulting in the formation of numerous secondary folds (Fig. 3) . Cil iated and non-ciliated cells, with the former being pre dominant, lined the mucosal folds. Tufts of cilia completely covered adjacent non-ciliated cells in most areas. However, in areas lined by only a few ciliated cells, the non-ciliated cells and the openings of tubular glands were clearly visible (Fig. 4) . The glandular openings were circumscribed by a raised area, which possessed a few microvilli (Fig. 4) .
Transmission electron microscopy revealed that in birds with active ovaries a simple columnar to pseudostratified columnar epithelium lined the uterus. Non-ciliated cells formed the simple columnar epithelium, while the pseudostratified epithelium consisted of both non-ciliated and ciliated cells.
The ciliated cells exhibited well-developed, regularly arranged cilia, which were intermingled with microvilli. The elongated or irregular shaped, euchromatic nuclei, were located in the wide luminal regions of the cells (Fig. 5 ). Several mitochondria, RER profiles, electron dense bodies and bundles of fibrils were identified in the supranuclear cytoplasm. Secretory granules occurred in the supranuclear regions of a few cells (Fig. 6 ).
In some areas slender non-ciliated cells were observed between the ciliated cells. The nuclei of the non-ciliated cells were elongated, heterochromatic and basally placed. Secretory granules were concentrated mainly in the apical regions of the cells (Fig. 7) . Other organelles and inclusions present in the supranuclear cytoplasm included mitochondria, profiles of RER and vesicles. Vacuoles containing membranous profiles were observed in either the middle or apical regions of the non-ciliated cells. In both non-ciliated and ciliated cells folding of the lateral plasma membrane, in the apical parts of the cells, was present although not extensive. Wellformed junctional complexes were observed apically, as well as distally along the lateral plasma membrane.
Occasional cells with rarefied cytoplasm were observed in the epithelium. The location of these electron lucent cells varied, with cells being observed in both the apical and basal regions of the epithelium. The apical electron lucent cells had a wide luminal region, which contained a round nucleus with peripheral clumps of heterochromatin. An accumulation of mitochondria was observed in the narrow basal region of the cell (Fig. 8) . A second type of electron lucent cell was observed close to the basal lamina. These cells contained irregular shaped heterochromatic nuclei. Profiles of RER, mitochondria and vacuoles were observed in the cytoplasm, which contained relatively few organelles (Fig. 9) . In addition to the electron lucent cells, a few cells with condensed cytoplasm and heterochromatic, elongated nuclei were also observed in the epithelium. Apically placed electron dense bodies were the only recognizable organelles in these cells.
Groups of pyramidal shaped cells, which displayed numerous microvilli on their luminal surfaces, formed the tubular glands (Fig. 10) . The lumina of the glands were devoid of secretory material. Heterochromatic nuclei, which were either round or elongated in shape, were placed centrally or basally in the cells. Distributed in the supranuclear cytoplasm were mitochondria, vesicles, microfilaments and profiles of RER. The presence of a few lipid droplets and electron dense bodies of various sizes was noted in some cells. Well-developed junctional complexes and folding of the lateral plasma membranes characterized the apical regions of the gland cells (Fig.  10) .
The majority of non-ciliated surface epithelium cells stained strongly with alcian blue and PAS, indicating the presence of both acidic and neutral mucopolysaccharides. Tubular gland cells and the majority of ciliated cells were negative for both alcian blue and PAS. Occasional ciliated cells displayed supranuclear diastase-resistant PAS staining, which indicated the presence of neutral mucopolysaccharides.
DISCUSSION
The present study has established that the uterus in the immature ostrich undergoes ciliogenesis and gland formation, which appear to be associated with the presence of an active ovary. Although hormonal studies on the immature ostrich have not been carried out, based on the results of the present and previous studies (Madekurozwa 2002a (Madekurozwa , b, 2004 (Madekurozwa , 2005 , it would appear that the ovarian follicles in birds with active ovaries produce hormones in sufficient quantities to stimulate oviducal differentiation. These oviducal changes are most likely stimulated by oestrogen, as it is known that in birds small yellow-yolk follicles produce oestrogen whilst preovulatory follicles secrete progesterone (Tilly, Kowalski & Johnson 1991) . Furthermore, research in both birds (Wrenn 1971; Anderson & Hein 1976; Perche, Laine, Pageaux, Laugier & Sandoz 1989 ) and mammals (Sawyer, Olson & Gorell 1984; Verhage, Mavrogianis, Boice, Li & Fazleabas 1990; Abe & Oikawa 1993) has indicated that the stimulation of ciliogenesis and tubular gland development is primarily a function of oestrogen.
As revealed by SEM, ciliogenesis in the uterus of immature ostriches with active ovaries was patchy. Similar observations were also made in the magnum of immature ostriches (Madekurozwa 2005) . To date there is no published information on the distribution of ciliated cells in the uterus of the mature ostrich. As a result it is impossible to determine whether the uneven distribution of ciliated cells observed in the current study is a common observation in the ostrich or if it is peculiar to immature ostriches.
Transmission electron microscopic observations of both non-ciliated and ciliated cells in the uterus of the immature ostrich with an active ovary showed that the morphology of these cells is similar to cells in the uterus of the domestic fowl (Johnston, Aitken & Wyburn 1963) , Pekin duck (Balachandran, Bhatnagar & Geissinger 1985) , Japanese quail (Yamamoto, Ozawa & Nagai 1985) and mature ostrich (Muwazi, Baranga, Kayanja & Schliemann 1982 ). An interesting observation of the present study was the occurrence of secretory granules in the majority of non-ciliated cells, but only in a few ciliated cells. Based on the alcian blue-PAS staining reaction, the non-ciliated cells contained a mixture of acid and neutral mucopolysaccharides, while ciliated cells only demonstrated the latter mucopolysaccharide.
Although the exact nature of these mucopolysaccharides in the immature ostrich is unknown, it is known that non-ciliated cells in the uterus of the domestic fowl produce the proteoglycan, ovoglycan, which is a component of the eggshell matrix (Fernandez, Moya, Lopez & Arias 2001) . In addition, the non-ciliated cells in the domestic fowl also produce osteopontin, a matrix protein involved in the mineralization of the eggshell (Fernandez, Escobar, Lavelin, Pines & Arias 2003) . The cuticle and shell pigment are thought to be produced by both ciliated and non-ciliated cells (Breen & De Bruyn 1969; Baird, Solomon & Tedstone 1975) .
In addition to typical non-ciliated and ciliated epithelial cells, cells with either rarefied or condensed cytoplasm were also observed. Cells with rarefied cytoplasm have been identified in the uterine region of the mature ostrich (Muwazi et al. 1982) , as well as in the domestic fowl (Ljungkvist 1967) . Ljungkvist (1967) identified the electron lucent cells as unicellular calcium secreting glands. Further research by Solomon, Fryer & Baird (1975) identified the surface epithelium of the uterus as the primary site of calcium secretion, although the exact cells involved were not demonstrated.
In addition to the electron lucent cells, a few cells with condensed cytoplasm were observed in the uterine epithelium of the immature ostrich. Based on the morphological features displayed it is likely that these cells were degenerating. To date no detailed ultrastructural studies have been conducted on the regression of the oviducal epithelium in birds. Light microscopic studies conducted on the Japanese quail (Eroschenko & Wilson 1974 ) and the pied myna (Gupta & Maiti 1987) indicate that large sections of the oviducal epithelium slough off during regression. Further ultrastructural studies need to be carried out on immature ostriches with regressive oviducts to ascertain the mode and stages of involution in this species.
In addition to the surface epithelium, tubular glands located in the lamina propria also make a significant contribution to the secretions of the uterus. In this study SEM revealed the presence of several tubular gland openings in the uterus of birds with active ovaries. In the magnum of the immature ostrich the glandular openings took the form of pores surrounded by non-ciliated cells (Madekurozwa 2005 ). The raised rim, which surrounded the glandular openings in the uterus of the immature ostrich, was not observed in the magnal region. Although Bakst & Howarth (1974) observed glandular openings in the magnum of the domestic hen, no mention of these structures was made in the description on the uterus. This might have been due to the presence of numerous cilia, which effectively obscured the gland openings.
The ultrastructural morphology of the tubular gland cells in the uterus of the immature ostrich is similar to that of the Japanese quail (Yamamoto et al. 1985) and the domestic fowl (Breen & De Bruyn 1969) . As in the Japanese quail (Yamamoto et al. 1985) and domestic fowl (Breen & De Bruyn 1969 ) the gland cells in the immature ostrich were devoid of secretory granules. Research conducted by Jande, Tolnai & Lawson (1981) and Yamamoto et al. (1985) has shown that gland cells are involved in the transportation of calcium, which is utilized in the calcification of the eggshell. Furthermore, Wasserman, Smith, Smith, Brindak, Fullmer, Krook, Penniston & Kumar (1991) have localized a calcium pump in the microvillar plasma membrane of gland cells and the calcium binding protein, calbindin-D 28k , in the cytoplasm of the gland cells. These findings suggest that the tubular glands are the primary sites of calcium secretion in the uterus. However, as mentioned previously, cells in the surface epithelium are also thought to play a role in calcium secretion (Ljungkvist 1967; Solomon et al. 1975 ).
In conclusion, the present ultrastructural study has shown cellular differentiation in the form of ciliated cells and tubular glands in the uterus of immature ostriches with active ovaries. A significant finding is the presence of secretory granules in most non-ciliated cells. However, the presence of secretory granules in only a few of the ciliated cells indicates that the secretory cells in the uterus of the immature ostrich are not fully functional.
